In this paper, we study the Cabibbo favored three body non-leptonic
I. INTRODUCTION
The Standard Model of the strong and electroweak interactions (SM) is one of the greatest scientific success of all the time. Until now, all experimental data are compatibles with SM predictions and the recent discovery of the Higgs particles has permitted to complete the spectrum of particles as expected within the SM with three fermion families. Also until now, the LHC has disregarded many extensions of the SM. But there are several hints that New Physics should not be far from the corner. In particular, the cosmological observation of the baryon asymmetry of the Universe is clearly a hint for New Physics as the CP asymmetry in the SM is not enough to explain it. Also Dark Matter introduced to explain the rotational curves of the galaxies doesn't find its place within SM.
Within the Standard Model, CP violation in the quark sector is only produced through the phase which appears in the Cabibbo-Kobayashi-Maskawa quark mixing matrix [1, 2] .
All the experimental results can be explained through the fitting of this unique phase [3] . A better accuracy in the measurement of CP asymmetries should permit to disentangle the CKM CP violating phase from New Physics CP violating sources. With LHCb and the new generation of B factories as BELLE II, the D and B physics will reach a degree of accuracy never seen until now and should be compelling in the search of New Physics with direct search for new particles done in LHC or ILC colliders.
It is why it is very interesting to look for CP asymmetries in processes forbidden or very suppressed within SM. The D physics is offering us a new window for this search. Many channels of D mesons decays have no or very suppressed CP asymmetries within SM. In particular the Cabibbo Favored (CF) D decays usually have no SM phases at tree level and can be generated only at one loop level within SM. This means that these channels can be seen as smoking gun for the search for New Physics CP violation. In previous work, we work on the CF non leptonic two body D decays into pions and Kaons and we show that within extensions with extra Higgs or with non-manifest left-right symmetry large CP asymmetries could be reached [4] .
In this paper, we study the decay D + → K − π + π + which is CF non leptonic D decay channel [5] with a large branching ratio of 9.22(17) % [6] . But as Cabibbo Favored processes, it is expected not to have a significant CP violation within Standard Model. So, it is an interesting channel to look for new sources of CP violation.
In a first step, we quickly describe the way to parametrize the form factors (FF) of this decay mode using the FF models developed in refs. [7, 8] . It is important to notice that any other modelisation of the form factors does not change significantly the results presented in this paper. Then, we check that the SM CP asymmetries is very suppressed. In the third section, we introduce new CP violating sources. First, we propose a model-independent approach, adding a weak phase to a 2 contribution to this process and looking in which phase space range one could expect a maximal CP asymmetries. Then, we study in details two typical models of New Physics: one assuming an extra charged gauge boson and another model based on non-manifest left right symmetry. We show that in both case, a significant enhancement in the CP asymmetries is expected in some phase space ranges compared to SM.
II. GENERAL DESCRIPTION OF CF NON LEPTONIC
The effective Hamiltonian describing D + → K − π + π + can be written as
here i runs over S, V and T which stand for scalar (S), vectorial (V) and tensorial (T) operators respectively. The Latin indexes a, b = L, R and q L, R = (1 ∓ γ 5 )q.
In the SM, H eff. has only two operators [5] and the other operators can be generated only in the presence of new physics. Thus we can write
The amplitude of the decay process
For detailed discussion of the different contributions to the amplitude from scalar, vector and so on we refer to ref. [7] . The expression for A is given as [7] A ≡ A s (s)
where s and t are the Mandelstam variables and the expressions of A s (s) and A p (s) are given as
where [5] and N C = 3 is the color number. ∆ 
In our analysis we use [7] 
where
with F [10, 11] . For later analysis we list the expressions for the fit and interference fit partial fractions which are defined as (see Dalitz plot analysis formalism in [6] ) [7, 8] . The constants χ S and χ P were adjusted to fit the total BR=9.13(19) % and the s-wave contribution [6] . The additional phase given in ref. [7] between the s and p-waves was kept fixed to φ SP = −65. The SPI column is the s and p-waves interference. The columns labelled I-IV correspond to the contributions from the regions: I s < 0. In TableI we show the results of these partial fraction in the case of the SM. The scalar and vectorial π − K form factors were taken from refs. [7, 8] . In the rest of the paper we will discuss the direct CP asymmetry within SM framework and some possible extensions of the SM.
III. CP ASYMMETRY IN
Non-vanishing direct CP asymmetry requires a weak CP violating phase which is clearly absent at tree level in the process D + → K − π + π + as both a 1 and a 2 are real. As a consequence one has to calculate the corrections to a 1 and a 2 that can be generated at the loop level in order to generate the weak CP violating phase. It turns out that the corrections are very small as they are generated through box and di-penguin diagrams [12] [13] [14] . Detailed calculations of these corrections can be found in ref. [4] . The box contribution can lead to a correction to the Wilson coefficient c 2 that can be written as [4, 14, 15] 
The other corrections to the Wilson coefficients are due to the dipenguin diagrams and are given as [4, 12, 13, 16] ∆a 1 ≃ 2.8 · 10 −8 e −0.004i
Clearly from these correction the predicted direct CP asymmetry is still so tiny roughly speaking of order 10 −8 or even can be smaller than that. This CP asymmetry is out of reach of current experiments at LHCb and also of near future experiments such as Super B factories at KEK. Thus this result motivates to extend the study to include New Physics extensions of the SM as we will consider in the next sections.
IV. NEW PHYSICS
Within New Physics possible complex couplings works as new sources for the CP violating weak phase. Since the short range physics in both
are the same we expect that the New Physics models that enhance the CP asymmetry in
In our earlier work on the CP asymmetry of D 0 → K − π + we have found that the possible candidates that enhanced the CP asymmetry are the models with charged Higgs bosons and the Left Right models [4] . In these classes of models the Wilson coefficients of the effective
Hamiltonian governs the decay process of our interest can receive contribution from tree level diagrams and thus the complex phases in these Wilson coefficients will be dominant as the complex phase in the SM are generated at the loop level with large suppression as we showed in details in ref. [4] .
In the next subsections, we study the direct CP asymmetry of D We consider a toy model where a 2 acquires an extra weak phase of 20
• . Given that the two pions are identical one has to average with the term where the two pions are interchanged:
, and s → t = s 0 . In this case one can define several CPV asymmetries, like
where A is the dominant SM amplitude, A ′ NP = A ′ e iφ is the New Physics amplitude with φ its CP-Violating(CPV) phase [17] . In Fig.(1) we show the plots of these asymmetries.
In Table II we show the predicted partial fractions and the total A CP . It is interesting to emphasize the fact that even if the total CP asymmetry is small (around 0.003, it is possible to get much larger CP asymmetries restraining to one region of the phase space parameters.
For instance in this toy model, in region IV, it is possible to get a CP asymmetry up to 25%. 
B. A new charged gauge boson as Left Right models
In this section we consider a well known candidate for NP beyond the Standard Model based on extending the SM gauge group to include a new gauge group namely SU(2) R [18] [19] [20] [21] [22] .
Thus our gauge group defining the electroweak interaction is given by SU(2) L × SU(2) R × U(1) B−L . This extension of the SM has been widely studied in the literature (see for instance
refs. [23] [24] [25] [26] [27] ) and the constraints on the parameter space of the model have been derived using experimental measurements in refs. [28] [29] [30] [31] [32] [33] . With the running of LHC, CMS [34, 35] and ATLAS [36, 37] collaborations have improved the bound on the scale of the W R gauge boson mass [38] .
There are two scenarios to be study in this context. The first one is to assume no mixing between W L and W R gauge bosons while the second one is to allow mixing between these gauge bosons.
We start our analysis with the first scenario. The new diagrams contributing to D + → K − π + π + are similar to the SM tree-level diagrams with W L is replaced by a W R . These diagrams lead to new contributions to the effective Hamiltonian governs our decay process that can be expressed as: LR lead to a contribution to the amplitude of the decay process under investigation. Although it is expected that the new contribution to amplitude will enhance the SM prediction for the CP asymmetry but still it will be suppressed due to the limit on M W R which has to be of order 2.3 TeV in this case of no-mixing Left right models [38] .
We turn now to the second scenario where we assume mixing between W L and W R gauge bosons. This scenario can strongly enhance the CP violation in the Charm and muon sectors as has been concluded in refs. [39, 44] . Recently we have investigated this conclusion in the study of the CP asymmetry in the decay channel 
where ξ denotes the Left-Right (LR) mixing angle. Deviation to the non-unitarity of the CKM quark mixing matrix can lead to strong constraints on ξ and on the right scale M R .
In the case that the couplings g R and g L are equal at the unification scale i.e. the Left-Right symmetry is manifest, the mixing angle ξ has to be smaller than 0.005 [40] and the right scale M R has to be bigger than 2.5 TeV [38] . As a consequence, one expects that the predicted CP asymmetry will be so small also. On the other hand and in the case where g R is different than g L at the unification scale i.e. the Left-Right symmetry is not manifest, the limit on M R scale is much less restrictive and the right gauge bosons could be as light as 0.3 TeV [41] . In this case, ξ can be as large as 0.02 if large CP violation phases in the right sector are present [25] still compatible with experimental data [42] [43] [44] . It has shown recently that, taking g L = g R , the precision measurement of the muon decay parameters done by TWIST collaboration [45, 46] can set model independent limit on ξ to be smaller than 0.03. We adopt this case in our analysis and take ξ ∼ 10 −2 .
The charged currents interaction can be written as
where V = V CKM andV R = e iω V R . Integrating out the W 1 in the usual way and neglecting the W 2 contributions, given its mass is much higher, one obtains
The terms proportional to ξ of the effective Hamiltonian lead to
It is direct, see Appendix VI for matrix elements of the operators, to show that ∆H eff. result in a new contribution to the amplitude of D
(s) (20) and thus the total amplitude becomes
cs /V * cs . We start our numerical analysis for the CP asymmetry by parameterizing c LR as c LR = |c LR |e iφ LR . In Table III we show the corresponding predictions for the partial fractions and CP asymmetry as a function of the phase φ LR for |c LR | = 0.02, the maximum value allowed from the Twist coll. [45, 46] BABAR [49] and BELLE [50] have improved the indirect constraints on the charged Higgs mass in type II 2HDM [51] :
In our study we will adopt 2HDM type III which is a general model where both two Higgs doublets can couple to up and down quarks. This means that 2HDM type III can lead to
Flavor changing neutral currents and thus they can be used to strongly constrain the new parameters in the model. With the presence of the complex couplings in the model that escape the strong constraints one expects to have a sizable contribution to the direct CP asymmetry as we have shown in our earlier work on the CP asymmetry of
The Yukawa Lagrangian of the 2HDM of type III is given as [52, 53] :
here ǫ ab is the totally antisymmetric tensor, and ǫ q ij stands for the non-holomorphic corrections that couple up (down) quarks to the down (up) type Higgs doublet. After electroweak symmetry breaking, the effective Lagrangian L ef f Y gives rise to the Higgs couplings to quarks given as:
with 
terms of A 1 and A 2 and for the matrix element of the tensor operator we can parametrize it as we will show below. Thus we find
here T represents the contribution of the tensor operators. The explicit form of T can be obtained upon calculating the matrix elements of the tensor operators that can written as
Using the kinematic of the decay process it is direct to parameterize the matrix elements in the last equation as (see Appendix VI for details)
Thus finally we get
and we can write the total amplitude as
We now discuss the experimental constraints on the parameters ǫ [4, 54] and thus we take into account these constraints in the analysis of the CP asymmetry below.
We start our analysis for Higgs contribution to the CP asymmetry by parameterizing Table IV we show the corresponding predictions for the partial fractions and CP asymmetry as a function of the phase φ W . We see from the table that the partial fractions are almost constant to the value in the first row.
On the other hand, from Table IV Field.
The toy model strongly improved SM prediction of the CP asymmetry where the predicted CP asymmetry can reach 30%. This asymmetry is large and if confirmed it will be an indication of NP beyond SM and it will be challenging to find a New Physics extension of the SM that can produce this weak phase in a 2 only.
The next model which is most promising is non-manifest Left-Right extension of the SM where the left right mixing between the gauge bosons leads to a strong enhancement in the CP asymmetry. In this class of models, it is possible to get large CP asymmetry 25% which can be tested in the LHCb and the next generation of charm or B factories.
Our last model, the 2HDM type III, can lead to a CP asymmetry that depends on the 
where the expression for A 1 can be found in ref. [7] and
In the case of the charged Higgs one has
where the h form factors from the tensor part and the expression for A 1 and A 2 can be found in ref. [7] .
